In recent years, food security, especially supply, has been an important issue in China's agricultural production. The stability of grain prices is related to the stability and development of the grain market. Based on agricultural production data from 1970 to 2015, this paper explores the influence of agricultural product price fluctuation on grain production by using the cobweb theory and vector error correction (VEC) model. The results show that changes in grain production in China are affected by fluctuations in agricultural product prices, that the production change lags behind the price change, and that there is a long-term equilibrium relationship between grain yield and agricultural product price. A Granger causality test shows that the change in agricultural product price is the Granger cause of grain yield change.
Introduction
The most important problem in Chinese agriculture is the well-being of farmers, and farmers' most important protection comes from food production. Since the economic reforms and policies of opening up beginning in the late 1970s, China's agricultural prices have shown a trend of frequent fluctuations, which has had a very negative impact on farmers' grain production and China's agricultural economy [1] . Frequent fluctuations in food prices are not conducive to farmers forming stable food price expectations; thus, farmers cannot use food prices to make a reasonable grain production plan for the next year. In addition, a rise in food prices causes other commodity prices to rise, which leads to inflation and is not conducive to China's economic stability [2] . When the price of agricultural products rises, the stabilization of prices will become a key concern of the government. The government will often take measures to suppress this process. However, when the prices of agricultural products fall, the lack of policy assistance measures will often come at the expense of the interests of farmers, seriously damaging the enthusiasm of farmers [3] . Once farmers' production incentives are diminished, the effective supply of food is difficult to protect. The pricing of agricultural products is an important part of China's macro-control policies for economic development, and the implementation of such policies has a very important role in the supply and demand of agricultural products in China. Food pricing also has a crucial impact on China's economic development and the welfare of farmers. Frequent fluctuations in food prices will make it difficult for the government to implement effective macro-control measures for the grain market. Thus, the fluctuation of the price of agricultural products is closely related to China's grain production and food security. The goal of this paper is to explore how the volatility of agricultural prices affects grain production. run, grain prices have positive effects on grain production [28] . Han and Wei based on the cobweb model, showed that food prices with market supply and demand changes gradually deviated from the equilibrium point, and this fluctuation cannot be resolved based on market regulation [29] . Wu and Li used the univariate EGARCH model and the VAR model to study the asymmetry of China's single grain market price and the asymmetry between different grain markets based on the weekly data of wheat, maize and soybean grain market prices. The results show that only corn market prices are asymmetric; the asymmetric price of different food market prices showed that the price increase in the wheat market would trigger a rise in corn and soybean market prices, whereas increased corn and soybean prices would not trigger an increase in wheat prices [30] . Wu and Huo used the VAR model to analyze the characteristics and fluctuation relationship between the two-track system and the marketed grain price fluctuation. They found that the price volatility of the wheat market and the corn market under the market was significantly less than the price volatility of the two-track system [31] . In the face of food price volatility and food security instability, safeguarding food security is very important [32] . Fraser and Legwegoh believe that national policies are needed to ensure adequate food storage [33] . Paul [34] and Sckokm [35] also thinks so.
The study of food prices and food production is of great practical value to the maintenance of food security and the promotion of food market development. Through the review of these documents, we can find that most scholars use the supply and demand point of view to research food production problems. These researchers use the supply reaction model to study the relationship between grain prices and yield, and some research is based on the price of a single grain variety, but there is a lack of empirical research on agricultural prices for food production. Therefore, based on the data of agricultural product prices and grain yield in the past 30 years, this paper conducts an empirical analysis of the relationship between agricultural product price and grain yield by using a VAR model and Granger causality test on the basis of descriptive analysis of agricultural product price and grain yield. Based on the relevant results, the paper presents policy advice to reduce the frequent fluctuations in China's agricultural price situation.
The Transmission Mechanism of Agricultural Products' Price Fluctuations and Grain Production
The cobweb theory is a dynamic analysis theory that uses the elasticity principle to explain the different fluctuations in some commodities with long production periods when they lose balance [36] . The basic assumption of the cobweb theory is that the current production of the commodity is determined by the price in the previous period. According to the assumptions of the cobweb model, farmers will determine the current grain-sown area according to the price of the previous period before the grain production is carried out. Then, the current grain price will have determined the grain yield of the next period to a certain extent. Thus, in the food supply and demand model, the impact of price changes on the supply of food will be substantial. The higher the price of agricultural products, the stronger the enthusiasm of farmers, and the food production will increase. In contrast, lower prices of agricultural products will dampen the enthusiasm of farmers to increase grain production so that farmers will reduce the next year's planting plan, which will lead to a reduction of that year's grain production.
Based on the cobweb theory, the price transmission mechanism of agricultural products takes the price as the link. When the price of an agricultural product fluctuates abnormally, the farmers will spontaneously adjust the agricultural planting structure in the next period. If the prices of agricultural products continue to fall, the farmers will choose other crops with a high economic value, and this will ultimately affect the supply of grain production in China. Figure 1 shows the transmission of agricultural product price fluctuations in food production. Through the analysis of the price transmission mechanism of agricultural products, we can find the interaction effect and transmission effect of each link in the industrial chain, adjust the reasonable distribution of the stakeholders of each link, maintain the income level of the agricultural producers and the living standard of the consumers, Sustainability 2017, 9, 906 4 of 14 stabilize the agricultural market price, and achieve a smooth transition in China's socio-economic transformation. As the most effective means of agricultural market regulation mechanism, the price of agricultural products plays an important role in regulating production and consumption. 
Data Sources and Research Methods

Index Selection and Data Sources
In this paper, the time series data of grain yield, planted area and agricultural price index from 1970 to 2015 were used as samples to analyze how the price changes of agricultural products affected food production.
To study the relationship between agricultural prices and food production, we regard grain production as a representative indicator of food production. Analysis based on economic theory shows that food production and agricultural prices are closely related. In this paper, we set the basis as 1985 (1985 = 100). The agricultural production price chain index was found according to the "China Statistical Yearbook [37] ". We can derive the agricultural production price fixed index by the calculation and conversion, denoted as P. Grain production is denoted as Qi, and grain sown area is denoted as Si, where i = 1, 2, 3, .... The data are from the "China Statistical Yearbook" [37] . 
Data Sources and Research Methods
Index Selection and Data Sources
To study the relationship between agricultural prices and food production, we regard grain production as a representative indicator of food production. Analysis based on economic theory shows that food production and agricultural prices are closely related. In this paper, we set the basis as 1985 (1985 = 100). The agricultural production price chain index was found according to the "China Statistical Yearbook [37] ". We can derive the agricultural production price fixed index by the calculation and conversion, denoted as P. Grain production is denoted as Q i , and grain sown area is denoted as S i , where i = 1, 2, 3, .... The data are from the "China Statistical Yearbook" [37] . 
Model Building
Based on the VEC model, this paper examines the relationship between agricultural product price fluctuation, grain yield and sown area. The mathematical expression of the VEC model is as follows:
In the equation, y t is the endogenous variable column vector, x t is the exogenous variable column vector, and p is the lag order. VECM t−1 is the error correction term. In general, China's grain production includes corn, wheat and rice. Before the reform and opening up (1978), China's grain production growth rate was extremely slow, and the yield was always below 300 million tons. After the reform and opening up, China's grain output soared to over 300 million tons, but the volatility was also greater than before, and the range also became larger. In 1997, China's total grain output exceeded 500 million tons for the first time, reaching 504.53 million tons, an increase of 8.13% over the previous year. However, in 1999, grain output began a continuous reduction for several years, with the production dropping to 430.69 million tons, and people worried about this. Beginning in 2004, China's grain production increased for 10 consecutive years. In 2013, food production reached 601.938 million tons. Since the reform and opening up, grain yield has been the most concerning problem in China's agricultural sector. China's gradual reform and purchasing system of unified marketing reduced the number of orders to improve the purchase price of grain. These measures caused food production to rapidly grow. To study the problem, the grain yield data for 1985 to 2015 were selected, and the grain yield trend chart was drawn from the sample data. It can be seen from Figure 2 that China's grain production has been very unstable, showing cyclical fluctuations in its characteristics. The food production in China can be divided into the following five stages: the first stage is from 1970 to 1977,when grain production was growing slowly in volatility, the second stage is from 1978 to 1984,when food production began to grow rapidly, the third stage is from 1985 to 1998, when grain production fluctuated within a small range; the fourth stage is from 1998 to 2003, when grain production fell for five consecutive years after reaching its highest point in 1998 and reached its lowest point in 2003, resulting in food problems, appeals to the government and concern among policy-makers. Food production continued to decline until 2004. The fifth stage is from 2005 to the present, when, with the efforts of government and the majority of farmers, food production began to rise. In 2005 and 2006, the production continued to increase. Since then, grain production has been steadily rising. In the case of such a cyclical fluctuation of grain production, the study of fluctuating characteristics and its relationship with the price of agricultural products is of great importance to national food security and the operation of the agricultural products market. The fluctuation of grain prices is affected by government regulation and market supply and demand changes. This section selects the grain relative price index from 1970 to 2015 as a measure of food price volatility; the food price before 2000 is the grain purchase price index. After 2000, due to the end of the preparation of the purchase price index, the data denote the grain production price index. Figure 3 shows that the fluctuation trajectory of grain prices has obvious stages.
An Empirical
According to the "trough-trough" division method, China's grain price fluctuation trajectory can be roughly divided into three stages:
The first stage is from 1970 to 1991. In this stage, food prices rose steadily, reaching their highest point in 1989. This was mainly because in 1985, the central government carried out a major reform of the long-term policy of grain purchase and marketing, which was changed to contract orders. The price of the grain ordered by the contract is the "three or seven" price (that is, 0.3 as the original purchase weight, 0.7 as the overweight order), and additional food could be sold freely by farmers following the market price [38] . When the market grain prices were lower than the original purchase price, the government purchased at the original purchase price. Although the grain purchase price index rose 1.8%, the contract purchase price fell more than 10% below the purchase price, which, to a certain extent, inhibited grain production, creating a hidden risk for a sharp rise in food prices. At the same time, the system of contract acquisition combined with market acquisition was formally established. That is, the quantity, manner and price of a portion of the total amount of food commodities were determined by the government. Another aspect of the acquisition quantity, channel and price was determined by the market supply and demand, which made the market regulation and food price volatility increase.
The second stage was from 1992 to 1999. In this stage, food prices rose sharply and then declined significantly. Specifically, food prices continued to rise, reaching their peak in 1996. In the face of a substantial increase in food prices, the State Council stipulated that other units and individuals were not allowed to procure food directly in rural areas, except for departments that were responsible for the national grain purchase tasks and food wholesale enterprises that were qualified and approved. In October 1994, the state established the China Agricultural Development Bank and began to close the management of grain purchase funds. Since then, the government has summarized a series of management experiences on food price volatility and adopted a series of macroeconomic management and control measures to curb food prices. The protection of the price of open access to The fluctuation of grain prices is affected by government regulation and market supply and demand changes. This section selects the grain relative price index from 1970 to 2015 as a measure of food price volatility; the food price before 2000 is the grain purchase price index. After 2000, due to the end of the preparation of the purchase price index, the data denote the grain production price index. The reason the food prices continue to rise, from the perspective of supply and demand, is that China's grain production has been steadily increasing for many years. The living standard of residents is also steadily improving, and the demand for food is also increasing, which is the basis for the gradual increase on food prices in China. Furthermore, as people's lives improve, the national economic level increases, and the price of agricultural means of production is also increasing. In addition, due to the gradual increase in migrant workers caused by the transfer of labor, rural labor costs have increased, which has indirectly caused food prices to rise year after year. 
Empirical Test on the Impact of Agricultural Product Price Changes on Grain Yield
In this paper, the covariance test method is used to study the correlation between the variables. Cointegration theory involves the correlation between non-stationary time series, proposed by Engel and Grange in 1987, and consummated later by Johansen. However, before the cointegration test, the required time series data must be stationary; otherwise, they may produce a pseudo-regression situation. To ensure the smoothness of the time series data, it is necessary to carry out the unit root test to avoid the occurrence of pseudo-regression. According to the "trough-trough" division method, China's grain price fluctuation trajectory can be roughly divided into three stages:
The second stage was from 1992 to 1999. In this stage, food prices rose sharply and then declined significantly. Specifically, food prices continued to rise, reaching their peak in 1996. In the face of a substantial increase in food prices, the State Council stipulated that other units and individuals were not allowed to procure food directly in rural areas, except for departments that were responsible for the national grain purchase tasks and food wholesale enterprises that were qualified and approved. In October 1994, the state established the China Agricultural Development Bank and began to close the management of grain purchase funds. Since then, the government has summarized a series of management experiences on food price volatility and adopted a series of macroeconomic management and control measures to curb food prices. The protection of the price of open access to food at the core of the control method is seen as the most essential measure. After these measures, food prices began to fall in 1996, reaching their lowest point in 1999. The reason the food prices continue to rise, from the perspective of supply and demand, is that China's grain production has been steadily increasing for many years. The living standard of residents is also steadily improving, and the demand for food is also increasing, which is the basis for the gradual increase on food prices in China. Furthermore, as people's lives improve, the national economic level increases, and the price of agricultural means of production is also increasing. In addition, due to the gradual increase in migrant workers caused by the transfer of labor, rural labor costs have increased, which has indirectly caused food prices to rise year after year.
In this paper, the covariance test method is used to study the correlation between the variables. Cointegration theory involves the correlation between non-stationary time series, proposed by Engel and Grange in 1987, and consummated later by Johansen. However, before the cointegration test, the required time series data must be stationary; otherwise, they may produce a pseudo-regression situation. To ensure the smoothness of the time series data, it is necessary to carry out the unit root test to avoid the occurrence of pseudo-regression.
Unit Root Inspection (ADF)
In this paper, the unit root test of the stationary sequence of time series is carried out by using ADF test method. The results show that lnP~I (2); lnQ~I (2); and lnS~I (2); the specific test results are shown in the following Table 1 . Thus, each variable can be cointegrated. Co-integration tests can be used to determine the cointegration relationship between variables. To determine the optimal lag order of the model before the cointegration test, we use the AIC information criterion and the SC information criterion to select the lag order. Based on the parallel independent distribution of the residuals, the AIC reaches the minimum value of −10.65700 and the SC is −10.09518 when the maximum hysteresis is 2; the optimal lagged order is the second order, and the established VAR model is denoted as VAR (2) .
After the Johansen test method, there is a long-term cointegration relationship between agricultural product price fluctuation, grain yield and sown area. From the Table 2 below, we reject the original hypothesis that there is no cointegration relationship. The Johansen cointegration test proves that there is a cointegration relationship between the variables. 
Granger Causality Test
The Granger causality test is used to describe which sequence of fluctuations in the time series can cause another sequence of fluctuations. The test was initiated by Clive W. J. Granger, winner of the 2003 Nobel prize in economics, and was used to analyze the Granger causality between economic variables. In the case of time series, the Granger causality relationship between the two economic variables X and Y is defined as if the prediction effect of the variable Y under the condition that the past information of the variables X and Y is included is better than the condition that the past information of only Y is included, that is, the variable X can help explain the future variation of the variable Y; then, the variable X is the Granger cause that causes the variable Y. Using Eviews v8.0 (Quantitative Micro Software Co.: Irvine, CA, USA) to test the relationship between the price of agricultural products, grain yield and sown area by Granger causality, the results are the following Table 3 :
According to the results of the Granger causality test, there is a one-way Granger relationship between agricultural product price fluctuation and grain yield, and the price fluctuation of agricultural products is the Granger cause of grain production change. The relationship between price fluctuation and sown area of agricultural products is a one-way Grainger relation, and the fluctuation of agricultural products is the Granger cause of the change in the area. In other words, changes in agricultural prices have a significant impact on changes in grain production and acreage, but the impact of changes in grain production and acreage on prices is not obvious. 
The Establishment of VEC Model
On the basis of cointegration test, we obtain the cointegration relationship among the variables. In order to further analyze the long-term dynamic equilibrium relationship among the variables, we need to establish the vector error correction model. The VEC model is estimated from the Johansen cointegration test. Then we use the estimated error correction term to construct the cointegration relation and estimate the VAR model of the second order difference form including the error correction term as the regression variable, that is VEC model.
The VEC model estimates the results as follows: 
Impulse Response Function
The VAR (VEC) model is a non-theoretical model. When we analyze the VAR (VEC) model, we do not directly analyze the impact of a variable on another variable. However, by analyzing when the error term of the VAR (VEC) model changes, we can see the dynamic impact of this change on the system. In this paper, this dynamic effect is analyzed by means of the impulse response function.
The horizontal axis in Figure 4 represents the number of periods, the vertical axis represents the impulse response function, and the red dotted line indicates the confidence interval. As can be seen from Figure 4 , the price for their own standard deviation impact immediately made a response. In the first period, the price of this response is about 8.5, after the impact of such a disturbance on the price slowly reduced. In addition, the sown area immediately responds to price disturbances, the first phase response is about −2.5, and reaches the positive maximum (about 3.0) in the second period, then the response of the sown area to the price disturbance decreases. It can also be seen from the figure that the yield of the disturbance for the price in the first phase is not obvious, in the fourth period reached the negative maximum. In general, however, in the impulse response diagram, since 0 is within the confidence interval, the impulse response is not significantly different from zero.
phase 
Results and Analysis
Through the above empirical analysis, we know that the time series data of agricultural product price fluctuation, grain security and grain sowing area belong to second-order single products, and there is a long-term equilibrium co-integration relationship between them. In addition, there is a one-way Granger relationship between agricultural product price fluctuation and grain yield, and the price fluctuation of agricultural products is the Granger cause of grain production change. The relationship between price fluctuation and sown area of agricultural products is a one-way Granger relation. Second, the VEC model estimates that the price fluctuation of agricultural products will affect the sown area and its yield, that the degree of influence in different lag periods is diverse. Nevertheless, the impact of agricultural prices on food production has the following problems:
First, after China's grain reform, agricultural prices accelerated, the market supply and demand intensified, and many food policies were not implemented well for farmers and thus did not provide farmers with any benefits. However, by 2008, most of the farmers had received the loss of economic interests because of the impact of sharp decreases in global agricultural and food prices. China's agricultural market information is not perfect. Whether in the planned economy era or food reform period, macro-control measures are not infallible; thus, the food market price mechanism is not mature. This information asymmetry situation makes the farmers slow to respond to the price information in the case of difficulty selling grain; therefore, the price mechanism has trouble fulfilling its function.
Second, in recent years, in order to protect the interests of farmers, the state has repeatedly adopted a minimum price support policy to improve the purchase price of grain, making food prices rise year after year. This condition also makes the food market stakeholders raise their expectations for food price increases. Some speculators have increased their reserves after grain harvests, creating food supply and demand tensions and thus exacerbating the rise in food prices. This process is not conducive to the stability of the price mechanism.
Conclusions and Policy Recommendations
From the previous empirical data and research, we can see that fluctuations in agricultural prices have a certain impact on food production, and food production changes should significantly lag behind the changes in agricultural prices. Domestic grain is the main body of the grain supply in China, and if the country's market is not sound, the food production fluctuations will cause greater fluctuations in agricultural prices, and fluctuations in agricultural prices will, in turn cause fluctuations in production. This phenomenon is revealing a "divergent cobweb" state, causing production to move away from the equilibrium point. The main reasons for the frequent fluctuations in agricultural prices are summarized as follows:
First, the information dissemination channels are not smooth. Although there is a relatively complete agricultural price information network and information on agricultural prices is released in a timely fashion, the limited knowledge of farmers, as well as the inability of farmers in some poor areas to receive timely agricultural price signals, prevents them from using price information to develop a reasonable grain production plan. Second, China's planned economy has a policy of unified purchases and marketing; that is, when the government decides to increase prices, the central bank will issue equal money to regulate this, and inflation caused by the rise in agricultural prices leads to an increase in the amount of currency. Currently, the currency circulation is based on foreign exchange investments and other factors; too high of a currency issuance will cause agricultural prices to increase. Third, the economic cycle is also an important factor in the volatility of agricultural products. In an economic boom, the demand for agricultural products is greater than the supply. This will lead to a "cobweb effect": where demand exceeds supply by 1%, agricultural prices will rise by 1%. Fourth, there is the impact of international agricultural price fluctuations. Since the implementation of reform and opening up in China to all aspects of international standards, the agricultural products market is affected, and all aspects are in line with international standards. The volatility of agricultural prices in the international market also have a natural impact on the price of agricultural products in China. In addition, climate factors such as natural disasters impact the fluctuations of agricultural prices to a certain extent. Therefore, to ensure the safe and stable operation of agricultural products and the food market, it is necessary for China's government to adopt a series of measures to improve the enthusiasm of farmers for producing grain to maintain the stability of agricultural products. Specific measures that can be taken are as follows:
First, reform the food subsidy policy. Extensive experience has shown that increasing farmers' food subsidies is one of the most effective ways to mobilize the enthusiasm of farmers and improve the efficiency of agricultural production [39] . The policy of the minimum purchase price of grain and the temporary storage of important agricultural products is the main agricultural product price support policy. This approach is to protect the interests of farmers when the food market price is below the minimum purchase price. The drawback of this approach is that it will impact the formation of market prices and will not help the market to play a role. In addition, government procurement of grain will cause extensive reserve pressure and will, therefore, entail a very large financial expenditure. There is an urgent need for reform of this situation in China. Specifically, we need to establish a counter-cyclical food subsidy policy with the target price as the core. The key to this policy is that the government establishes the target price in accordance with the relevant laws and regulations. Unlike the existing minimum purchase price, when the grain market price is lower than the grain target price, the government subsidizes the farmers according to differences between the market price and the target price. The advantage of this design is that by making the food market mechanism really play a role, we can reduce the large amount of financial expenditure arising from the storage of food. The most important measure is to streamline the grain market mechanism, which can alleviate the abnormal fluctuations in food prices caused by human factors.
Second, reduce the cost of grain to protect the interests of farmers. In recent years, the price of major agricultural means of production generally rose, such as fertilizer and pesticide prices rising 30% to 40%over the previous year. Continued price increases for agricultural production will lead to an increase in the costs of farming and thus will eliminate the enthusiasm of farmers to plant grain and decrease food production. A sharp reduction in food supplies will lead to rising food prices, and food price volatility will break the long-term stability of the food market, thus affecting food production. In this regard, the relevant government departments should play a role in supervision and control, taking measures to stabilize the market prices of a series of agricultural production materials, such as fertilizer and pesticides, and preventing agricultural production prices from fluctuating in order to avoid disrupting the market order. At the same time, this will ensure the quality of the production materials to protect the vital interests of farmers.
Third, strengthen the protection of arable land on an agricultural scale. There is a close relationship between the stability of agricultural products and the area of cultivated land. Cultivated land resources in food production have an irreplaceable role. Strengthening the protection of arable land and stabilizing grain-sown area can help ensure grain production and price stability. Presently, the situation with cultivated land is that the cultivation is small and the degree of commercialization is not high. This has become an important factor affecting the efficiency of grain and farmers. The household contract responsibility system ensures that farmers share average land, but this also affects the scale of land cultivation. Rural farmers' farming technology and mechanization are relatively low, and production costs are relatively high. For these scattered farmers, grain is mainly grown for subsistence; thus, the food commodity rate is low. In recent years, with the acceleration of industrialization and urbanization, the area of cultivated land in China has gradually decreased. Pollution problems have led to a serious decline in the quality of some cultivated land, which has a serious impact on food production and the stability of agricultural prices [40] . Therefore, it is urgent to make full use of the limited cultivated land area, strengthen farmland protection, and use science and technology to improve farmland efficiency. This is also an effective way to stabilize the market price and increase grain yield.
Fourth, strengthen the agricultural market information channel construction and complete the collection of agricultural product prices for analysis and release. Due to the low level of farmers' own information and the low coverage of some rural networks, they lack a convenient way to obtain agricultural product prices and cannot make next year's grain plan based on the prices of previous agricultural products. This shortcoming, that information is difficult to obtain, is also one of the reasons that prices fluctuate. To prevent price fluctuations caused by the inability to reasonably know how much grain to plant because of the difficulty in determining the price, the government should promptly publish information on agricultural prices for farmers and establish a channel to facilitate the rapid access to price information for farmers, to strengthen the regulation of market conditions, and improve the farmers' market economy awareness so that farmers can easily adjust the price of agricultural products for the subsequent year's grain plan.
